ABSTRACT It is frequently recommended that commercial laying pullets are reared on step-down lighting regimens, rather than on constant short photoperiods, to help achieve BW targets during rear and optimal performance in lay. To evaluate the effectiveness of this strategy, Shaver White pullets were maintained on 8-h day lengths or given a step-down lighting regimen from 23 to 8 h over periods of between 1 and 15 wk. Other pullets, which were initially maintained on 8 h of light, were given an abrupt increase in day length prior to transfer to stepdown lighting at various ages between 1 and 13 wk. All birds were given abrupt increments to 14 h at 18 wk and to 16 h at 20 wk to stimulate appetite and optimize uniformity of sexual development. Body weights at 6 and 12 wk were generally heavier and cumulative feed intakes to 6 wk were greater for birds given step-down lighting from 1 wk of age than for constant 8-h controls or birds
INTRODUCTION
It is not uncommon for commercial pullet growers to experience difficulties in getting modern egg-type hybrids up to breeder body-weight targets in the first few weeks. Accordingly, slow step-down lighting programs are now frequently recommended over constant short photoperiods to stimulate appetite and ensure rapid early growth and enhanced skeletal development. There is ample scientific evidence that longer day lengths during rearing result in higher feed intakes and heavier body weights (Leeson and Summers, 1985; Lewis et al., 1996) . However, there appears to be minimal scientific evidence to indicate that such enhancements will result in an improvement in performance during the laying year. This paper describes a trial that investigated the general responses to various step-down lighting regimens, in particular, growth during the rearing phase and subsequent rates of egg production.
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given an initial period on 8-h day lengths prior to stepdown lighting. Sexual maturity for birds on step-down lighting from 1 wk and for those on ≤5 wk of 8-h day lengths before transfer to step-down lighting was delayed by about a week compared with the constant 8-h controls or birds on 9 wk or more of 8-h day lengths before stepdown lighting. These delays in sexual maturity resulted in a lower BW at 18 wk. Body weight uniformity at 18 wk was improved by step-down lighting, whether it was given from 1 wk or after a period of 8-h day lengths. Despite step-down lighting resulting in larger initial feed intakes and improved early growth, there was no significant improvement in egg numbers, egg weight, egg mass, feed intake, shell deformation, or albumen height compared with constant 8-h controls. Differences in egg output were generally the consequence of photoperiodically induced changes in sexual maturity.
MATERIALS AND METHODS
One-day-old Shaver White pullets were obtained from a commercial hatchery and randomly allocated to 1 of 4 ostensibly identical controlled environment rooms. All rooms were given 23 h of light at 63 ± 1.4 lx at the feed trough and 1 h darkness for the first 3 d. Two rooms were then abruptly reduced to 8 h of light/d, and the photoperiod was maintained throughout the rearing period, while the other two rooms were put on a stepdown lighting schedule in which the photoperiod was reduced by 1 h each week from 23 h at 1 wk to 8 h at 15 wk (Table 1 ). There were 8 lighting treatments within each pair of rooms, with each treatment represented by 6 cages of 10 chicks in each room (6 birds × 10 cages × 2 rooms = 120 birds for each treatment).
Step-down lighting programs involved the weekly 1-h reductions in day length and an abrupt decrease to 8-h day lengths at various ages between 1 and 15 wk [treatments (T) 2 to T9] or a rather novel series of treatments in which T1  T2  T3  T4  T5  T6  T7  T8  T9  T10 T11 T12 T13 T14 T15  T16  Age ( 3  23  23  23  23  23  23  23  23  23  23  23  23  23  23  23  23  4 -7  8  2 3  2 3  2 3  2 3  2 3  2 3  2 3  2 3  8  8  8  8  8  8  8  8-14  8  8  22  22  22  22  22  22  22  22  8  8  8  8  8  8  15-21  8  8  21  21  21  21  21  21  21  21  8  8  8  8  8  8  22-28  8  8  8  20  20  20  20  20  20  20  20  8  8  8  8  8  29-35  8  8  8  19  19  19  19  19  19  19  19  8  8  8  8  8  36-42  8  8  8  8  18  18  18  18  18  18  18  18  8  8  8  8  43-49  8  8  8  8  17  17  17  17  17  17  17  17  8  8  8  8  50-56  8  8  8  8  8  16  16  16  16  16  16  16  16  8  8  8 Four rooms were used for the experiment. The treatments (T1 through T16) were achieved by moving birds between pairs of rooms with 8 treatments represented in each pair of rooms. pullets were abruptly increased from 8 h to a longer day length at various ages between 1 and 13 wk prior to the step-down schedule back to 8 h at 15 wk (T10 to T16). Controls (T1) were maintained on 8-h day lengths after an abrupt decrease from 23 h at 3 d. The various lighting regimens were achieved by moving birds between pairs of rooms at 2-weekly intervals, and details of the 16 lighting treatments are shown in Table 1 . Lighting intensity at the feed trough was maintained at 10 ± 0.1 lx from 3 d in all rooms.
All birds were wing-banded and the group weight of each replicate recorded at 1 d. All birds were given, ad libitum, a conventional starter mash to 6 wk of age, followed by a conventional grower mash to the end of the rearing period at 18 wk of age. At 18 wk of age, 32 pullets were selected for their closeness to the mean weight for the treatment group and transferred to laying cages with 4 blocks of 4 individually caged birds randomly located in each of 2 apparently identical lightproofed rooms. All birds were abruptly changed to 14-h day lengths at 18 wk and to 16 h from 20 wk until the end of the trial at 66 wk of age. Light intensity at the feed trough in both rooms was 22 ± 0.4 lx throughout the trial, and the temperature was maintained at 22°C. A typical laying-hen diet was given, ad libitum from 18 wk in crumble form, and egg production was recorded daily for 12 periods of 28 d (18 to 66 wk). Egg weight was measured during the final 2 d of periods 1, 2, 3, 6, 9, and 12 (each 4 wk starting from 18 wk), eggshell deformation during periods 1, 6, and 12, and albumen height in periods 1 and 12. Individual body weights were measured at housing at 18 wk and at the end of the trial at 66 wk of age.
Statistical Analysis
Because of partial confounding of treatment and room factors, the variance components for room and room by treatment during the rearing period were initially analyzed using a linear mixed residual maximum likelihood model (REML) from Genstat (Lawes Agricultural Trust, 2002) to determine if room could be removed from the ANOVA with treatment as the variable. No significant room effects were identified for any of the performance traits measured, and so all rearing (except the CV for 18 wk body weight) and laying data were blocked on room and subjected to an ANOVA using the complete randomized design of Statistix (Analytical Software, 2003) . Within a room and for each lighting treatment, the 18-wk BW for the 6 replicate cages (nominally 60 birds per room) were pooled to calculate a CV, and these 2 measurements of uniformity were used as replicates for each of the 16 treatments to conduct a one-way ANOVA. Significant differences among means were identified using Tukey's multiple comparisons test. Table 2 shows that constant 8-h controls (T1) had a significantly lower BW at 6 wk of age than birds transferred from step-down lighting to 8 h at 1 or 3 wk (T2 and T3) or birds increased from 8 to 22 h at 1 wk followed by step-down lighting (T10) but a similar BW to pullets given 8-h photoperiods before an abrupt transfer to 20 h and decreasing day lengths from 3 wk (T11). At 12 wk, pullets reared on step-down lighting to 3, 5, or 7 wk (T3 to T5) were heavier than the 8 h controls (T1) or birds transferred from 8 h to the step-down regimen at 1, 3, 5, 7, or 9 wk (T10 to T14), and, not surprisingly, the more weeks birds were on 8-h photoperiods before a step-up in day length (and transfer to step-down lighting) the lower their body weights were. At 18 wk, for 8-h controls, most step-down treatments (T2 to T7 and Within a column, means with different superscripts are significantly different at P < 0.05. T9) and pullets changed abruptly to longer days and step-down lighting at 9, 11, or 13 wk (T14 to T16) were heavier than groups that had 1, 3, 5, or 7 wk of 8-h photoperiods before step-down lighting (T10 to T13). The ranking of the lighting treatments for BW gain between 12 and 18 wk is a likely consequence of their respective influences on the development of the ovary and oviduct (Leeson et al., 1991; Lewis and Perry, 1995) . In this experiment, BW gain between 12 and 18 wk increased by 52 g, and body weight at 18 wk increased by 25 g for each 1-wk advance in age at first egg (AFE). A regression of the CV for body weight at 18 wk on the number of weeks of exposure to step-down lighting, irrespective of whether it was introduced at 7 d or after 8-h day lengths, showed that BW uniformity improved progressively the longer the exposure to step-down lighting (a reduction of 0.12 in CV for each extra week). The association could be described by the equation: y = 8.59 − 0.120SD (r 2 = 0.367, slope SE = 0.042, P = 0.013)
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where y = CV for BW at 18 wk, and SD = number of weeks of step-down lighting. Constant 8-h controls and birds given various periods on 8-h day lengths before being transferred to stepdown lighting had lower feed intakes to 6 wk than most (T2, T4 to T9, T11) of the groups on decreasing day length (Table 2 ). There were no significant differences in feed intake among the groups during the 6-to 18-wk period, resulting in the cumulative intakes to 18 wk being similar for most of the groups. However, the constant 8-h controls and the group that received only 2 wk of step-down lighting (T16) had intakes that were about 400 g lower than the group given 15 wk of stepdown lighting (T9); this finding might have been predicted because cumulative feed intake during the rearing period increases proportionately with photoperiod (Leeson and Summers, 1985; Lewis et al., 1996) . Table 3 shows that sexual maturity for all the groups given step-down lighting from 7 d (T2 to T9), together with those given 1, 3, or 5 wk of 8 h day lengths before being transferred to long-days and step-down lighting (T10 to T12), was about a week later (P < 0.05) than for the constant 8-h controls or birds given 9, 11, or 13 wk of 8-h day lengths prior to step-down lighting (T14 to T16). Some of the constant 8-h controls and some pullets from T15 through T18 had started egg laying while they were still in the rearing rooms. Mean rates of lay for these groups during the 7 d immediately before transfer to the laying facilities at 18 wk were 2.8, 7.8, 13.0, 5.2, and 1.0% respectively, reflecting the earlier mean AFE for these treatments observed in the laying rooms. The effect of step-down lighting on AFE was dependent upon the age when it was introduced and not on the number of weeks over which it was given (Figure 1 ). When given from 7 d (T2 to T9) or introduced before any of the pullets had become sexually photosensitive (T10 to T12), the amount of step-down lighting had minimal effect on the degree of sexual maturity retardation. The likely reason for the similarity of sexual maturity for T2 through T9 is that it was influenced by 2 opposing factors: the size of the decrease in photoperiod and age- related variation in photosensitivity. When pullets were removed from step-down to 8-h lighting at younger ages, the abrupt decrease in photoperiod was large, but bird sensitivity to a decrease in photoperiod was weak. In contrast, when birds were transferred to step-down lighting at older ages, decreases in day length were smaller, but the pullets were more responsive to a decrease (Lewis et al., 2002) . In the groups transferred to FIGURE 1. Mean age at first egg (d) for Shaver White pullets given step-down lighting from 7 d [᭹, treatment (T)2 to T9], introduced to step-down lighting at ≤5 wk after an abrupt increase from 8 h (᭺, T10 to T12), introduced to step-down lighting at 7 wk after an abrupt increase from 8 h (, T13) and constant 8-h controls or those introduced to stepdown lighting at ≥9 wk after an abrupt increase from 8 h (▲, T1 and T14 to 16). The solid line represents the mean for T2 to T9 and T10 to T12, and the dotted line represents the mean for T1 and T14 to T16.
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step-down lighting at 1, 3, or 5 wk of age (T10 to T12), the birds were insensitive to the increase in day length but were retarded by the subsequent step-down lighting. In contrast, when step-down lighting was started after birds had attained sexually photosensitivity (T14 to T16), the abrupt increment in photoperiod at the beginning of step-down lighting would have evoked a stimulatory photosexual response that was counterbalanced by the delaying influence of the subsequent stepdown lighting, culminating in these birds having a mean AFE similar to those of the constant 8-h controls. The step-down lighting clearly retarded sexual development because estimates of AFE (using the model of Lewis et al., 2002) for the increments in photoperiod given at 9, 11, and 13 wk but without subsequent reductions in day length were 110.4, 115.7, and 126.0 d, respectively, compared with the observed AFE of 136.2, 138.3, and 137.9 d. This result indicates a delay of between 3 and 4 d for each week of step-down lighting following the increment in photoperiod. The 141-d mean AFE for the group transferred from 8-h photoperiods to step-down lighting at 7 wk was intermediate because there was a bimodal response with some of the pullets being photosensitive and responding to the increase in day length, while others were still photosexually insensitive to an increment and only able to respond to the decreasing day lengths.
Egg production from 18 to 66 wk of age was generally unaffected by the lighting treatments applied during the rearing period (Table 3) . Evidence of this was a difference of almost 10 eggs between T1 and T16 (osten- sibly the same lighting regimens) but only a 1-egg difference between the extreme treatments of constant 8-h photoperiods (T1) and 15 wk of step-down lighting (T9). However, there was a strong tendency (P = 0.191) for the disparities in egg numbers among the various groups to be the result of the differences in AFE effectuated by the lighting treatments with egg production being reduced by 0.4 eggs for a 1-d delay in AFE. This response rate was similar to that reported for other Shaver whiteegg hybrids (Lewis et al., 1997) . Mean egg weights were not significantly different among the groups, and, as a consequence, there were minimal differences in the total egg mass produced to 66 wk. These findings are consistent with the conclusions of Lewis et al. (1997) for Shaver white-egg hybrids suggesting that changes in AFE between 136 and 147 d (Table 3) have minimal effect on cumulative egg mass output.
Shell deformations and albumen heights, which were typical for this genotype, were not significantly different among the various lighting treatments at any age. The data are not presented in this paper but are available from the authors. This concurs with the findings of Leeson and Summers (1987) for birds with different body weights but drawn from a common population in that immature body weight has no effect on shell deformation.
There were significant differences among treatments for feed intake during the first 4 wk in the laying facilities (Table 4) with birds given an initial period on 8 h prior to step-down lighting (T10 to T16) having higher intakes than birds introduced to step-down lighting at 3 d (T2 to T9). Regression analyses of mean daily feed intake between 18 and 22 wk on the number of weeks of step-down lighting (treating the constant 8-h controls as 0 wk of step-down) showed that there were significant negative curvilinear correlations for both groups of birds (Figure 2 ). When step-down lighting was preceded by 8-h photoperiods (T1 and T10 to T18) the regression could be described by the equation: where FI = mean daily feed intake 18 to 22 wk (g), and SD = week of step-down lighting. It is logical that these curves should converge as the number of weeks of stepdown lighting increase (Figure 2 ) because T9 (15 wk of step-down lighting) was virtually the same regimen as T10 (14 wk of step-down lighting after 4 d of 8-h photoperiods). Although feed intake differences among the 16 treatments were not significant during the second 28-d period, there were significant differences in mean daily feed intakes for the complete 18-to 66-wk period (Table 4) . However, the importance of these differences is not clear because the mean daily intake for the group receiving the longest period of step-down lighting (T9) was less than 2 g different from the constant 8-h controls. Furthermore, there were no significant correlations of feed intake with the amount of step-down lighting, whether it was started from 7 d or introduced after a period of 8-h day lengths, suggesting that the step-down lighting regimens do not have a direct influence on feed intake during the laying period. However, indirect influences through the changes in AFE evoked by the lighting regimens were evident with a regression of mean daily feed intake on AFE indicating that it reduced by 1 g for each 4-d delay in maturity. Although weak (P = 0.198), this response was similar to that reported by Lewis et al. (1997) for Shaver white-egg hybrids. Although there were significant differences among the 66 wk body weights for the various treatments (Table  4) , it was T2 and T12 only that were significantly different from each other. In contrast, the differences in BW gain between 18 and 66 wk were highly significant (P < 0.001) with a significant regression indicating that it increased by 150 g for each 100 g of lower body weight at 18 wk, but these were caused primarily by the effect that the lighting regimen had on sexual maturation rather than that of step-down lighting per se with the gain increasing by 90 g for a 10-d delay in AFE.
These findings show that although the lighting manipulations achieved the aim of increasing body weight during the early part of the rearing period, they failed to lead to any improvement in performance during the laying period. Indeed, egg numbers were generally lower for the treatment groups where the step-down lighting regimen had exerted a delaying influence on sexual maturation. Whereas this contrasts with the re- 
